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Two New Laws of Nature +

Pointlike (r < 10718 m) quarks and leptons

Interactions: SU(3). ® SU(2). ® U(1)y gauge symmetries




Righly idealized




Many tensions,
puzzles,
outstanding questions

Lots of new ideas

Beautiful experiments:
mature / new / dreams




Quantum Chromodynamics

Asymptotically free theory

Many successes in perturbation theory to | TeV

Growing understanding: nonperturbative regime
Quarks & gluons confined: evidence, no proof

No structural defects, but strong CP problem
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The World’s Most Powerful Microscopes
nanonanophysics

Transverse momenta: 1.8 TeV + |.8 TeV - Dijet mass: 4 TeV




Rutherford scattering test for quark compositeness
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QCD could be complete, up to Mpianck

... but that doesn’t prove it must be
Prepare for surprises!

How Might QCD Crack!?

(Breakdown of factorization)

Free quarks / unconfined color
New kinds of colored matter
Quark compositeness
Larger color symmetry containing QCD




Electroweak Theory

To good approximation ...

3-generation V-A
GIM suppresses FCNC
CKM quark-mixing matrix describes CPV

Gauge symmetry validated in e'e- = W"W-

Tested as quantum field theory at per-mille level




(group-theory structure) tested in
ete” - WTW~™

No ZWW vertex
Only v, exchange

e LEP data
— Standard model
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Several persistent tensions in flavor sector

New physics in B mixing!?

4th generation!?
Supersymmetry?

Extra dimensions?
?




V.| comparisons

Latest combined fit to data,lattice B — sr/v  (2.95+0.31) %10 ”
2.0

Inclusive, PDG2010 average: b—=ulv (4.37x0.39)x 10~ )

Difference 1s a problem and perhaps should be identified as an
unattributed uncertainty

*work of multiple experiments, multiple theoretical groups.
*exclusive result relies on non-perturbative normalization input

inclusive result uses m,, non-perturbative extrapolations and
perturbative corrections

Predictions from
CKM fits: UTFit 3.48+0.16 (ICHEP 2008)
CKMFitter 3.51x0-15, (Beauty 2009)




Resolution by RH current!?
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* A force of a new character, based on
interactions of an elementary scalar

* A new gauge force, perhaps acting on
undiscovered constituents

* A residual force that emerges from strong
dynamics among electroweak gauge bosons

* An echo of extra spacetime dimensions




The Importance of the |-TeV Scale

EWV theory does not predict Higgs-boson mass
Thought experiment:

W*W -, ZZ, HH, HZ satisfy s-wave unitarity,

provided |My < (8mV2/3Gr)'2 = | TeV

* |f bound is respected, perturbation theory is
“everywhere” reliable

* If not, weak interactions among W=, Z, H become
strong on |-TeV scale

New phenomena are to be found around | TeV



Where the SM Higgs Boson Is Not. |

neglects correlations
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BSM: Heavy Higgs allowed, even natural




ATLAS Preliminary CLs Limits

— Observed

---- Expected j Ldt=1.0-2.3fb"
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CMS Prlelifmilnalry, \'s = 77 TeV Combined
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Precision EW establishes HWW, HZZ, not Hff
Where a Bosophilic Higgs Boson Is Not

Tevatron Run Il Preliminary L < 8.2 fb™
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Why will it matter?

Imagine a world without a symmetry-breaking
(Higgs) mechanism at the electroweak scale




Without a Higgs mechanism ...

Electron and quarks would have no mass

QCD would confine quarks into protons, etc.
Nucleon mass little changed

Surprise: QCD would hide EW symmetry,
give tiny masses to W, Z

Massless electron: atoms lose integrity

No atoms means no chemistry, no stable
composite structures like liquids, solids, ...

arXiv:0901.3958
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http://prd.aps.org/abstract/PRD/v79/i9/e096002
http://prd.aps.org/abstract/PRD/v79/i9/e096002

Where EWV Theory Breaks Down

Higgs interactions vanish

quantum
corrections
disfavor

- /\ excluded by direct searches

mectroweak symmetry not hidden
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Might we live in a2 metastable vacuum!?

Metastable

m,=173.2£ 0.9 GeV

ATLAS+CMS




Does My < | TeV make sense!?

The peril of quantum corrections




Puzzle #1: Expect New Physics on TeV scale

to stabilize Higgs mass, solve hierarchy problem,
but no sign of FCNC
Minimal flavor violation a name, not yet an answer

Great interest in searches for
forbidden or suppressed processes

Puzzle #2: Expect New Physics on TeV scale
to stabilize Higgs mass, solve hierarchy problem,
but no quantitative failures of EW theory

arXiv:0907.3187



SM: BR(Bs — utp~) = (3.2£0.2) x 107°

DRSS

M

MSSM: BR(Bs — p™ ™) o

LHCb: BR(B; — uTp~) < 1.5 x 1078




Squark-glumo neutrallno model (m __
. 1y i iATLAS Prellmlnary

0 lepton 2011 combined
{ mmm CL_ Observed 95% C.L. limit

CL, median expected limit
FRN exp. limit 68%, 99% CL
%, i—— 2010 data PCL 95% C L. limit

H 5 Lim -1.04 fb_1, \s=7 TeV
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and nothing else has turned up in early running



Triangle-2000 meeting ‘Nonperturbative methods in ficld and string theory’,
Copenhagen, June 21, 2000

WAGER ON SUPERSYMMETRY

for ten years ahead

QUESTION: Do you think that in ten years from now, that is by noon C.E.T. June 21st,
2010, at least one supersymmetric partner of any of the known particles will be experimen-
tally discovered? [The term “discovered™ means that it is universally recognized by the community,

as judged by an independent committee of three wise men/ladies appointed by the sides.]

Please put your name (in block letters) accompanied by your signature in one of the three columns

below, marked as “yes”, “no” or “abstained”.

By signing “yes” or “no” you promise to deliver a bottle (75cl) of good cognac at a price of not less

than $50, in case you are wrong,.

By signing “abstained” you acknowledge that you cither do not care, or have not thought about it,
but still you’d like to be informed in the year 2010 who has been a prophet ten years ago, and to gain the
right to sheepishly participate in drinking the cognac purchased by those who have honorably lost the bet.

Your signature in one of the first two columns entitles you to ask for a copy of the present agreeinent.

The party of winners organizes a meeting of all involved in this wager not later than in June 2011,

At this meeting the cognac bought by the losers will be jointly consumed.

"Yes, SUSY partners | No, they won’t {M ~abstained

will be discovered
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ATLAS Searches*

- 95% CL Lower Limits (Lepton-Photon 2011)

MSUGRA/CMSSM : O-lep +E T.miss

Simplified model (light io) :0-lep+E, ..
Simplified model (lighty ):0-lep+E, ..
Simplified mode‘l’ (light 1 r ):0-lep+E; ..
Simpl. mod. (light ;) : O-Iep +b-jets +E, ..
Simpl. mod. (g—tf},) : 1-lep + bjets +E,
Pheno-MSSM (llght xo) 2-lep SS+E, ..

Pheno-MSSM (light 1 ) 24ep OS_ +E; s
GMSB (GGM) + Simpl. model : 77 + E ol

GMSB : stable T
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons

Stable massive particles : R-hadrons

| RPV(A =0 01 Am=0 01) hpgh_—ma”sswe;;‘

Large ED (ADD) monojet
UED :yy + E

T.miss

RS with k/M,, = 0.1:m,,
RS with k/M,, = 0 1:m,
RS withg__ /g, =0.20:H, + E,
Quantum black hole (QBH) : md,,,,.Fu)
QBH : High-mass o,
ADD BH (M,/M_=3) : multijet £p ~
ADD BH (M, /M,=3) : SS dimuon N

ch. part.
gqqq contact interaction : F (md,,,,)

gquu contact interaction :

SSM :m_

| SSM:m,

‘Scalar LQ pairs (ﬁ-1) kin. vars. in ee,j, e\jj

Scalar LQ pairs (5=1) : kin. vars. in uujj, uvjj

4" generation : coll. mass in Q .Q,— WgWq

4" generation : d d e WtWt (2 lep SS)

TT“W° —tt+A A -lop +jets +E,

Major. neutr. (LRSM no mlxing) 2-lep + jets

Major neutr. (LRSM, no mixing) : 2-lep + jets
(DY prod., BR(H —uu)=1):m

i (like-sign)

Excited quarr(s M g

Axigluons :m

.. Color octet scalar : mg,,,

SUSY
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Wonderful progress ...
... but miles to go:

Beam energy x 2
Luminosity x 100
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Dark matter: direct searches
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http://taup2011.mpp.mpg.de/php/downloadPresentationFile.php?type=webpage&sessionid=4&presentationid=2
http://taup2011.mpp.mpg.de/php/downloadPresentationFile.php?type=webpage&sessionid=4&presentationid=2

Dark matter: direct searches

CRESST 1o
CRESST 206
CRESST 2009
EDELWEISS-II
CDMS-II
XENON100
DAMA chan.
DAMA
CoGeNT
: Fe S

o
2
C
0
el
O
)
(7))
7))
n
O
| -
O
C
o
9o
O
-
a
al
=

—h
ol

©

—l
o

WIMP mass [GeV]



http://arxiv.org/abs/1109.0702
http://arxiv.org/abs/1109.0702

Dark matter searches and nucleon structure
Scale of SUSY expectations set by (spin-independent) O

Neutralino WIMP: O attributed to Higgs exchange

How does H interact with nucleon?

H coupling to heavy flavors:s, b, ...
X 2-3 variation among lattice calculations

Experimental attention, perhaps theoretical reconception




New Era of Heavy-lon Physics
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CMS suggestion of quarkonium melting

WD B
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Tevatron puzzles:

DO Dimuon Charge Asymmetry
CDF top-pair FB Asymmetry

P J/Y Phase




0.4 - Preliminary results overlaid DO 8 fb™!
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|. What is the agent of EWSB!? |s there a Higgs boson!?
Might there be several?

2. Is the Higgs boson elementary or composite! How
does it interact with itself? What triggers EVVSB!?

3. Does the Higgs boson give mass to fermions, or
only to the weak bosons? What sets the masses and
mixings of the quarks and leptons? (How) is fermion
mass related to the electroweak scale?

4. Are there new flavor symmetries that give insights
into fermion masses and mixings?

5. What stabilizes the Higgs-boson mass below | TeV?



6. Do the different CC behaviors of LH, RH fermions

reflect a fundamental asymmetry in nature’s laws!?

/. What will be the next symmetry we recognize! Are
there additional heavy gauge bosons! Is nature
supersymmetric! Is EW theory contained in a GUT?
8. Are all flavor-changing interactions governed by the
standard-model Yukawa couplings? Does “minimal
flavor violation” hold!? If so, why?

9. Are there additional sequential quark & lepton
generations! Or new exotic (vector-like) fermions!?
|0. What resolves the strong CP problem!?



| |. What are the dark matters? Any flavor structure!?
12. Is EWSB an emergent phenomenon connected
with strong dynamics? How would that alter our
conception of unified theories of the strong, weak,
and electromagnetic interactions!

| 3. Is EWSB related to gravity through extra
spacetime dimensions!

| 4. What resolves the vacuum energy problem!?

15. (When we understand the origin of EVWSB), what
lessons does EVVSB hold for unified theories? ... for
inflation? ... for dark energy!?



| 6. What explains the baryon asymmetry of the
universe! Are there new (CC) CP-violating phases!?

| 7. Are there new flavor-preserving phases?! VWhat
would observation, or more stringent limits, on
electric-dipole moments imply for BSM theories!?

|8. (How) are quark-flavor dynamics and lepton-flavor
dynamics related (beyond the gauge interactions)!?

|9. At what scale are the neutrino masses set?! Do

they speak to the TeV scale, unification scale, Planck
scale, ...?

20. How are we prisoners of conventional thinking?






